The caging, feeding and handling in our laboratory of 4 unusual hystricomorph rodents are described. These animals are: the wild guinea-pigs, or cuis (Cavia aperea and Galea musteloides), the degu (Octodon degus), and the plains viscacha (Lagostomus maximus).
. Cavia aperea male in floor pen. The dark agouti-type hair ,and the crest on the back of the neck is typical of this species. Note the food dish, water bottles and galvanised-steel drainpipe elbow.
Caging
The animals are housed in the same way as domestic guinea-pigs in cages on grids or in floor pens. Our original stock of three animals was kept in a rabbit cage (50 X 35 X 37 em) on a grid but the colony is now housed in floor pens (77 X 65 em) with wood chips as litter. The aluminium walls of the pens are 45 em high and each pen is covered with a mesh lid because these cavies can, and will, jump out. The animals become nervous if they have no shelter in the pens, and 10 em diameter galvanised-steel drainpipe elbows are therefore provided.
The litter is changed 3 times a week. An adult male and 3 or 4 adult females with their young are kept in each pen. New groups are usually established by putting young animals together when they are weaned, but it is not difficult to mix adults because aggressive action towards newly introduced animals is uncommon.
The room temperature is usually about 68°F(20°C) but varies considerably and has fluctuated between 65 and 80°F (l8-27°C).
The animals receive natural daylight with additional' artificial lighting from 0800-2000 hours.
Food
Standard guinea-pig pellets (Diet 18: E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire), hay and water are provided ad libitum, and about 200 g of cabbage per pen is fed thrice weekly. These Cavia eat a lot of hay and, like domestic guinea-pigs, will drink with their mouths full of pellets so that the water bottles need cleaning every day.
Since the exact dietary requirements of this species are not known, the pellets are sprinkled lightly with 'Yionate' powder (E. R. Squibb & Sons Ltd, Regal House, Twickenham, Middlesex) to ensure an increased vitamin intake.
Identification
Ear tags or leg bands are not tolerated; the best system of marking has been found to be dye marks of carbol fuchsin solution (Ziehl-Neelson stain) on the agouti-coloured fur. The spots have to be renewed about every 2 months.
Handling
Like domestic guinea-pigs, the cavies are picked up by holding gently round the thorax and supporting the rump with the other hand.
They can also be picked up in the drainpipe elbow shelters and expelled gently. For examination of the vagina, the animal is held supine with its head towards and resting against the observer; one hand supports the body and the other is used to pull the clitoris back so that the vaginal membrane can be seen.
Reproduction
In the wild and in captivity, C. aperea breeds throughout the year. In the laboratory, the peak of births that occurs in the spring (September-October) in Argentina has not been observed (Rood & Weir, in press) .
Oestrous cycle length is very variable; the mean of 67 cycles of 21 females in the laboratory was 20.6 ± 0.8 (SE) days. The vagina is open for 1-6 days at oestrus, and mating may be detected by the presence of spermatozoa in the vaginal smear or by the finding of a copulatory plug. There is an immediate post-partum oestrus and, as fertile matings at this time are very frequent, most mature females are always pregnant.
In our colony pregnancy lasts for 59-74 days (mode: 60-61 days) and there is some indication that the length of gestation is inversely affected by litter size. Litter size varies from 1-6, but litters of 2 or 3 are most common.
Like domestic guinea-pigs and most other hystricomorphs, the young have the appearance of miniature adults.
The external genitalia of C. aperea are similar to those of the domestic guinea-pig, and with experience the young can be easily sexed at birth. They may be weaned about a week after birth but do better if left for 2-3 weeks with the mother.
The mean age at which the vagina first opens is 58.6 ± 3.0 days, but conception has occurred in a 27-day-old C. aperea in our colony.
Most animals do not conceive at first oestrus; the mean age at first conception is 84.4 ± 9.9 days. The sex ratio at birth (75 animals) is 100~~: 83 C!C!.
Bodyweight of C. aperea at birth, weaning and puberty is given in Table 1 . (Fig. 1 ). Note the food dish, water bottle, and hopper filled with hay which serves as a retreat.
CUIS (Galea musteloides)
These cavies (Fig. 2 ) also live in South America, where they are found on the pampas in Argentina, on the plains in Peru and Bolivia, ap9 in savannah areas in eastern Brazil. Our colony was derived from 10 animals (6 females, 4 males) which were given to the author in Argentina in 1967. All were caught in the wild but some had been kept in large open pens for studies on comparative behaviour (Rood, in preparation) .
Galea musteloides is quite different from Cavia species both in temperament and in reproductive physiology. They are smaller animals and adults weigh 400-700 g; they are more compact and sturdy.
Caging
Only I adult male can be kept in each cage; the animals are very aggressive under laboratory conditions.
The number of females in a group varies with the size of cage used and with the compatability of individual members.
Once a group is established it is difficult to introduce new animals without very severe fighting; even juveniles born in the group may have to be removed.
Grid-floored rabbit cages, floor pens and cages with solid bottoms have been used, and breeding has taken place satisfactorily in all types. Metal cages (72 x 60 x 37 em) with solid floors, or floor pens and wood chip litter, are preferred because the solid floor prevents overgrowth of the claws. When Galea are housed in floor pens great care has to be taken when the mesh cover of the pen is opened because the animals will very readily jump out. Drainpipe elbows or mesh food hoppers filled loosely with hay are provided as retreats.
Temperature, lighting and cleaning conditions are the same as those described for Cavia.
Food
Galea are offered the same diet as C. aperea, but much less hay is eaten and less water is drunk.
Identification
The hair is agouti-coloured and individuals are identified by carbol fuchsin spots.
Handling
The animals are picked up and examined in the same way as for other guinea-pigs, but greater care has to be exercised when holding them because they will wriggle away if held too loosely.
Reproduction
Galea are very easy to sex, even at birth, because in the male the anal and urinary apertures are widely separated and the genital skin is heavily pigmented (Fig. 3a) . The female perineum (Fig. 3b ) is similar to that of the domestic guinea-pig but some pigmentation may be present. Galea breed throughout the year, and gestation lasts for 52-53 days. Litters of 2 or 3 very precocious young are most common, but the litter size varies from 1-5. The sex ratio at birth (171 animals) is IOO~~: 920d'. The young may be weaned at 1 week of age, but are usually left until several can be weaned together and established as a group.
Mean bodyweight of Galea at different ages is given in Table 2 .
There is an immediate post-partum oestrus, and after puberty females are usually perpetually pregnant. Vaginal In the presence of a vasectomised male, 4 females had regular periods of vaginal openings at 19.0 ± 1.2 days. The presence of a male may also be necessary for the induction of puberty (Rood & Weir, in press ).
DEGU (Octodon degus)
This rat-like hystricomorph ( Fig. 4 ) weighs 200-300 g and lives on the western slopes of the Andes in Chile up to I200 m above sea level. In June 1967, 6 pairs were sent from a laboratory colony in Santiago, and our existing colony has grown from the 3 pairs which bred. 
Caging
The degu are housed in a battery of t inch (6 mm) mesh cages (55 X 30
x 20 em) with grid floors.
Since these cages are kept on racks that do not receive much light at the back, retreats are not usually provided.
The animals are in a room lit by natural daylight and with artificial light from 0800-2200 hours.
The sawdust in the trays is changed thrice weekly.
The animals are grouped as pairs or trios of 1 male to 2 females. Pairs are preferred as the presence of a second female, but not the male, may disturb a littering female and result in neglect of the young.
2 pairs of degu have been set up in activity wheels (Type A.14: E. K. Bowman Ltd, 32 Holmes Road, London, N.W.5) and they run an average of 3740 revs/day (4.5 km).
Food
Water is provided in a standard drinking bottle and hay is always available although this is used more for burrowing under than for eating.
Rat pellets (Diet 86: E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire), 20 g per animal, and fresh vegetables, a small handful of cabbage, carrot and potato per cage, are fed on alternate days. No food is given on Sundays because the animals tend to become obese in captivity.
The growth rate of animals fed on this regimen does not differ from that of others provided with pellets daily and permanent facilities for exercise in activity wheels. This regimen may not be completely suitable as about three-quarters of the degu in our colony exhibit lens lesions to various degrees, but no cause has yet been found for this condition.
Identification
Ear tags (Hauptner mlllJature ear tags: Brookwick, Ward & Co. Ltd, 8 Shepherds Bush Road, London, W.6) have been used successfully for identification.
Handling
Degu are very unusual among hystricomorphs in that any animal can be transferred to another cage without any preliminary introductions or subsequent fighting.
However, they are very aggressive to humans and, if handled carelessly, will bite. They must not be picked up and held by the tail because this causes them to spin; the tail skin is shed and the degu itself will then sever the tendons and vertebrae.
Good healing occurs but regeneration of the missing part does not take place. The best method for picking the animals up is to scoop them with one hand into the other and then let them cling to a coat sleeve; they have needlesharp claws. Any animal which is too aggressive to be approached in this way is run into a 10 em diameter galvanised-steel drainpipe elbow and then gently pushed out onto a sleeve.
Vaginal examinations and intraperitoneal injections are carried out by holding the animal at the base of the tail while the front feet cling to a cloth surface.
For any other procedures, such as ophthalmoscopic examination, the animal must be held round the neck so that it can neither escape nor bite.
Reproduction
The colony bred as soon as the animals arrived in June 1967, and these animals and their offspring bred again in December 1967. No further reproductive activity was seen until December 1968, so clearly an equatorial shift of breeding season has occurred.
In an effort to get litters at 2 periods of the year, half the colony is at present on an altered light regimen to mimic the daylight hours of Santiago (Chile), but so far no breeding has occurred during the English summer.
Degu do not exhibit regular oestrous cycles but show a period of vaginal opening of 3-2 L days.
Since the vagina closes soon after mating (as determined from copulatory plugs or vaginal spermatozoa) it is thought that this species may be an induced ovulator.
A fertile post-part urn ovulation may occur, but few animals mate at this time. Gestation lasts for 90 days (range 87-93 days) and an average of 5 young are born (range 1-8). These young are not as precocious as those of other hystricomorphs.
At birth they are sparsely furred and the eyes are shut, but sexing is not difficult as there is a wide separation of the urinary and anal orifices in the male (Figs 5a & 5b) . The young grow very quickly; the eyes or;en within the first week and they are weaned at 4-6 weeks. The sex ratio of degu at birth (128 animals) is 100'i''?: I 1000. Mean bodyweight at birth, weaning and conception is given in Table 3 . "Weaning weight is primarily determined by conditions of husbandry. The best guide for weaning is the start of the first moult which travels from the tip of the nose tailwards.
PLAINS VISCACHA (Lagostomus maximus)
This large cousin of the chinchilla (Fig. 6 ) weighs 3-8 kg and digs large colonial burrows in the pampas of Argentina.
Although the animals are numerous, only one, mainly ecological, investigation has been reported (Llanos & Crespo, 1952) and the species is reputed to die of 'hysteria' in captivity. In August 1967, 40 of these animals were caught by the author in Argentina in wire-mesh, treadle-type traps, and a colony was established in London where they have lived and bred well. Note the drinking bottles on the right and the concrete coal bunker on the left.
Caging
For the first 6 months the viscacha were housed indoors as pairs or trios of I male to 2 females in double rabbit cages with solid floors (Type C.13: E. K. Bowman Ltd, 32 Holmes Road, London, N.W.5) on sawdust litter. Since then they have been housed in larger groups, with up to IS animals in each, in pens (10 X 10 x 10 ft, 3 x 3 x 3 m) on the roof of the Institute.
The pens are made of 6 cm woven wire mesh, and the lower half of the wall dividing each pen from the next is made of galvanised-steel sheeting.
The pens are partially exposed to the weather and each contains 1 or 2 concrete coal bunkers for shelter.
The covered half of a double rabbit cage is also provided as an additional retreat.
The bunkers each have a set of 2 false floors constructed of asbestos sheeting over wooden frames, and all the edges are protected by lengths of 25 mm metal angle (slotted angle was used, because it happened to be available); these are changed and cleaned thrice weekly. The pens are swept out every day and hosed down thrice weekly.
In the wild, stones and sticks are moved to, and left on top of, the viscachera; we therefore provide various bits of wood, logs and pumice in the pens and at night, when the animals are mos.t active, these are carried or pushed round the pen.
Females which are about to litter are transferred into smaller cages outside the pens to avoid mishap to the young.
At weaning the mother is returned to her original group, usually without too much fighting.
The young are also put with this group if possible, or a new group is established with other weanlings. Transference of animals has been our biggest problem of husbandry because most groups will not tolerate the introduction of other animals.
A system of smaller pens with indoor sections and outdoor runs for exercise would make it possible to house more groups of fewer animals.
Food
Each pen is fitted with standard drinking bottles and a fixed hay hopper which is always kept full. Rat pellets (Diet 86: E. Dixon & Sons Ltd, Crane Mead Mills, Ware, Hertfordshire) about 700 g per pen, with a few added dog biscuits, about 2 per animal, are fed on Tuesday, Thursday and Saturday, and fresh vegetables, about 2 kg per pen of cabbage, carrot and potato, are fed on Monday, Wednesday and Friday.
No food is given on Sundays.
Identification
At birth a permanent number of holes and notches is punched in the ears and each animal is also identified by a pattern of carbol fuchsin dye spots so that they are easily recognisable at a distance in the pens.
Handling
Viscacha are not difficult to handle provided it is always remembered that they have powerful hind legs with big claws, and large sharp incisors. Some animals are very aggressive but most can be picked up by the base of the tail for examination or transport over short distances. The housing system facilitates this method of handling because the animals are usually asleep inside the bunker during the day. The shutter is dropped over the entrance to the bunker, the lid is removed and the animals picked out. If the tail is held anywhere other than the base it will break under the weight of the animal's body. For more detailed investigations the animals must be restrained or anaesthetized. Particularly fractious animals may be handled in the net designed for agoutis (Lemmon & Weir, ] 968) but it is more convenient to pin the animal down quickly by holding round the neck and at the base of the tail and round the hind feet. With practice this grip can be obtained before the animal becomes aware of the intention.
If the grip is lost, very great care has to be taken in regaining it because the viscacha will bite and scratch.
When restrained thus, injections can be given, blood can be removed or an anaesthetic administered. 
Reproduction
In the wild, plains viscacha have a definite breeding season in March, although in northern Argentina some animals may also come into oestrus in November (Llanos & Crespo, 1952) . In our colony the females have become polyoestrous and births are distributed throughout the year. The gestation period is 155 days (range 149-162 days). Litter size at birth is nearly always 2, singletons occur occasionally and triplets are rare: in a series of 57 births there were 51 pairs of twins, 5 singletons and 1 set of triplets.
The sex ratio at birth (110 animals) is 100<;lt;l:833&. Sexing of young viscacha is easy because the urinary and anal orifices are widely separated in the male (Figs  7a & 7b) . The young are born fully furred and with the eyes open, and are left with the mother for 6-8 weeks. Bodyweight of viscacha at different ages are given in Table 4 . There is no immediate post-partum oestrus, but if the young are lost at birth oestrus occurs after 17 days instead of the 54 days usual if lactation is maintained.
The mean time between spontaneous oestrous cycles is 41 days but this is very variable (range 15-75 days, but 75 per cent of cycles are between 25 and 55 days). At oestrus the vagina stays open for 3-15 days and mating usually takes place towards the end of this period.
A very large and gelatinous copulatory plug is produced. Once established in breeding colonies, anatomical and physiological investigations can be pursued, and our colonies have been built up so that the reproductive physiology of these species can be studied for comparison with other hystricomorphs (Weir, B. J. 1967 . Aspects of reproduction in some hystricomorph rodents.
Thesis, Cambridge University). It is possible that the tendency to develop lens lesions in the degu (Octodon) was present in the 6 original breeders, but this seems unlikely because macroscopic cataracts were not observed in the animals until May 1968, nearly a year after arrival.
The diet of the animals may be inadequate, but the aetiology of the condition is hard to investigate because no system other than the lens seems to be involved.
The occurrence of lens lesions in the tuco-tuco (Ctenomys talarum), another hystricomorph rodent, is associated with other signs of diabetes mellitus (Wise, Weir, Hime & Forrest, 1968) . The tucotucos exhibit hyperglycaemia, glycosuria, impaired tolerance to glucose load and reproductive failure; they appear to be insensitive to bovine insulin (Weir, Wise, Hime & Forrest, 1969) . The degus have none of these symptoms.
The reproductive physiology of the plains viscacha (Lagostomus) is quite bizzare and would probably not have been discovered if the animals had not been brought into the laboratory for study. Unlike the usual mammalian ovary, that of the viscacha is very flat and the cortex is deeply invaginated, and therefore has a very extensive surface area. The follicles are mature at the very small diameter of 200 jlm. The corpora lutea are formed from ruptured and unovulated follicles and do not grow beyond 400 jlm in size. The number of eggs shed may be as great as 800 at anyone oestrus (Weir, in preparation) .
Polyovulation to this degree is known to occur in some species of elephant-shrews (e.g. Elephantulus myurus) where 50-ISO eggs are shed and, like the viscacha, only 2 young are born (Van der Horst & Gillman, 1941).
It is not yet known if all the eggs are fertilised in the viscacha, but usually at least 8 are fertilised and implant in the uterus. Resorption of all except the cervical foetuses occurs before day 70 of gestation.
Modification of oestrous behaviour and cycles by external stimuli associated with the male has been described in mice (Whitten, 1956) , but the phenomenon is more pronounced in Galea. In this cavy, very few cycles occur spontaneously in the absence of a male and oestrus is not initiated when a male is separated by a mesh partition.
Thus, the induction of oestrus by the male in this species must be associated with tactile stimuli rather than with the chemical stimuli which seem to be effective in mice.
The study of Cavia aperea has emphasised the similarity of this species to Cavia porcellus, and it is not unreasonable to suggest that it may have been an ancestor of the domestic guinea-pig.
The achievement of keeping and breeding 4 more species in the laboratory is very modest when it is considered how many mammalian species have not yet been investigated.
However, 3 of these 4 species have revealed unusual characteristics which may be of value in several branches of biomedical research, and the importance of investigating animals that have not previously been kept in the laboratory becomes immediately apparent.
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